With oligo(dT)-cellulose as primer, RNAdependent DNA polymerase catalyzes the synthesis of cellulose-bound DNA that is complementary to mouse globin mRNA. The resulting cellulose-bound or solid phase complementary DNA hybridizes specifically with globin mRNA and permits the recovery of intact globin mRNA. This simple technique for the synthesis of solid phasebound complementary DNA provides an additional and convenient method for the purification of specific genetic sequences.
(pH 4.5), and 0.12 mM ZnSO4. From the amount of S1 nuclease-resistant hybrid the initial concentration of mRNA was calculated, from a standard kinetic curve of hybridization in which the Crtl/, of pure globin mRNA was 2 X 10-4. RNAdependent DNA polymerase was prepared from avian myeloblastosis virus (2) .
Synthesis ofSolid Phase-Bound cDNA. The reaction mixture contained: 0.1 M Tris* C1 (pH 7.8), 40 mM KC1, 10 mM Mgacetate, 20 mM NaCl, 2 mM dithiothreitol, 0.4 mM (each) dATP, dGTP, dCTP, and dTTP, 10 ,Ci/ml of [a-'2P]dGTP (or in some experiments [ 'H]dCTP), 10 ug/ml of mouse globin mRNA, 6 ug/ml of RNA-dependent DNA polymerase, 50 pg/ml of actinomycin D, and 30 mg/ml of oligo(dT)-cellulose in a volume of 2 ml. The reaction mixture was vigorously stirred (in order to keep the cellulose in suspension) at 370
for 150 min. Then it was poured in a water-jacketed column and washed thoroughly with 10 mM NaGH and water. Hybridization and Elution of mRNA. The sample containing mRNA was slowly passed through (2 ml/hr or less) the column in 2-5 ml of 0.3 M NaCl, 10 mM Tris Cl (pH 7.5), 0.1 mM EDTA at 720. The column was then washed with the same buffer at 720. In some experiments the sample was applied in 50%0 formamide [0.6 M NaCl, 10 mM Tris C1 (pH 7.5), 0.1 mM EDTA] at 450. The temperature was then lowered to room temperature or 400, and the washing was continued with 10 mM Tris* Cl (pH 7.5). Finally the temperature was raised again (in general, to 70°), and the specifically bound (hybridized) RNA was eluted with 10 mM Tris-Cl (pH 7.5).
The column can be used several times after it is washed with 10 mM NaOH, water, and the application buffer; but prolonged use leads to a gradual decrease in its binding ability. alkali-insoluble material, suggesting that the synthetic product is DNA-like and is covalently bound to the cellulose. Consistent with this interpretation, 70% of the incorporated radioactivity could be removed by treatment with 50 pg/ml of pancreatic DNase for 30 min at 370 (data not shown). The amount of cellulose-bound DNA synthesized was 15-20% of the amount of messenger RNA used as template.
RESULTS

RNA
Our assumption that incorporated deoxyribonucleotides represented DNA complementary to the RNA template could best be proven by establishing the hybridization specificity of the synthesized material. In pilot experiments it was found that at 70°and at a high salt concentration (0.3 M NaCl) the column did not bind any ribosomal RNA or prokaryotic mRNA. On the other hand, 67% of the applied '25I-labeled mouse globin mRNA was bound, and it could be eluted quantitatively at 700 with 10 mM Trism Cl (pH 7.5). In order to obtain a more quantitative estimate of the optimal elution conditions, a larger amount (0.5 mg) of unlabeled mouse reticulocyte RNA was applied to the column. After the column was washed with high concentrations of salt, the temperature was lowered to 230 and the elution was continued with 10 mM Tris Cl (pH 7.5). The temperature was then gradually raised, and globin mRNA content of the eluted fractions was determined by hybridization.
As shown in Fig. 2 applied to a 0.5-ml globin-cDNA-cellulose column in 2 ml of 0.3 M NaCl, 10 mM Tris-Cl (pH 7.5), 0.1 mM EDTA at 72°. Globit mRNA content of the eluted fractions was assayed by hybridization with 3H-labeled complementary DNA and S1 nuclease digestion. 98% of the total RNA (as measured by UV absorption) was recovered in the first two fractions (unbound material). globulin mRNA were applied to a 0.5-ml globin-cDNA-cellulose column in formamide buffer. Fractions of 4 ml each were collected, and both messengers were assayed in the eluted fractions by hybridization with their respective 3H-labeled cDNA probes.
Hatched area, immunoglobulin mRNA. Dotted area, globin mRNA.
bound nonspecifically or via its poly(A) terminal. The bulk of the bound globin messenger RNA eluted in a sharp peak at 700. The figure does not show that 98% of the applied material (as measured by UV absorption) was recovered in the first two (unbound) fractions, representingribosomal RNA. As would be expected, the UY absorption of the globin mRNA peak was not detectable; therefore, its purity could not be assessed.
The specificity of the binding (hybridization) was established by the experiment shown in Fig. 3 . Mouse globin mRNA and mouse immunoglobulin light-chain mRNA (from MOPC-41 myeloma) were applied together and both messengers were assayed in the eluted fractions by hybridization to their respective ['H]cDNAs. Again, there was a major peak of globin mRNA that eluted under appropriate conditions. In contrast, only negligible amounts of immunoglobulin mRNA eluted with this fraction. In fact, this minimal, nonspecific binding (less than 1% of the applied material) was that which could be observed with unmodified oligo(dT)-cellulose. As shown in Fig. 4 , 2'I-labeled globin and immunoglobulin mRNAs were applied onto an oligo(dT)-cellulose column, and only 0.6% of the radioactive material remained bound under these stringent conditions.
For further application of this method, it was important to establish that the recovered mRNA was not degraded. Globin mRNA eluted from the column was analyzed in a sucrose gradient centrifugation (Fig. 5) . The eluted mRNA had the same sedimentation constant as the original material. It should be noted that in this experiment the mRNA was applied to the column at 450 in 50% formamide, in order to ELUTION VOLUME (ml) FIG. 4 . Elution pattern of globin mRNA and immunoglobulin mRNA on oligo(dT)-cellulose. 12I-labeled pure mouse globin mRNA and MOPC-41 light-chain immunoglobulin mRNA were applied to a 0.5-ml oligo(dT)-cellulose column. Trichloroacetic acid-precipitable radioactivity was determined in the eluted fractions.
minimize the exposure to high temperature. The conditions of elution were the same as those noted above.
DISCUSSION
The experiments described here demonstrate that the transcription of a eukaryotic mRNA by RNA-dependent DNA polymerase can occur in a heterogeneous solid-liquid system making use of an insoluble oligo(dT)-cellulose primer. The resulting product is probably a single-stranded DNA complement of the mRNA template (or part of it) covalently bound to the cellulose via its 5' terminus through a stretch of oligo-(dT). This cDNA side-chain is able to anneal the complementary mRNA, and the hybridized mRNA, in turn, can be recovered undegraded by elution in low salt and at high tem- contaminating sequences. Thus, by incubating to an appropriiate Crt value and repeating the step several times, considerable purification should be possible. This same approach, of course, could be used in purification of a specific sequence from total genomic DNA. Similarly, it should be possible to prepare cDNA-cellulose with RNA-virus RNA as a template and to use it to isolate virus-specific mRNRA from an infected cell. The isolation of the precursors of a cytoplasmic messenger RNA from heterogeneous nuclear RNA should also be feasible by this technique.
